Growing a tumor stroma: a role for granulin and the bone marrow 
Background: systemic tumor instigation
The reactive (or desmoplastic) stroma is an aberrant fibrous tissue that surrounds cancer cells (1) . It is formed from fibroblasts, adipocytes, inflammatory cells, and vascular cells and is further characterized by the presence of myofibroblasts (1). Myofibroblasts display properties not usually associated with fibroblasts in healthy tissue, such as the expression of αSMA, and secrete high levels of matrix proteins such as collagen I (1). The molecular properties of tumor stroma are predictive of disease outcome (2) , with the stromal cells, in particular the myofibroblasts, stimulating tumor growth, invasion, and metastasis (1). For example, molecular crosstalk between cancer cells and myofibroblasts, mostly in the form of growth factor signaling (1, 3), promotes invasive growth of cancer cells (1, 3) .
Several mechanisms have been put forward to explain how the tumor stroma forms, including through the recruitment and differentiation of cells in or near the tumor (1), through the recruitment into the tumor of circulating BM-derived cells, such as mesenchymal stem cells and fibrocytes (1, 4), and through epithelial-mesenchymal transition of cancer cells (1) . A previous study by McAllister, Weinberg, and colleagues (5) defined in mice an additional mechanism that they called systemic instigation. Underpinning this mechanism is the concept that a circulating signal is secreted from an aggressively tumor-forming breast cancer cell line, which is called the instigator tumor, that results in tumor outgrowth and the acquisition of a reactive stroma in a second otherwise quiescent or indolent breast cancer cell line, known as the responder. If the instigator tumor is absent, the responder cells fail to expand and may even become necrotic (Figure 1) . Systemic instigation acts through BM cells (BMCs). The instigator tumor secretes the prometastatic factor osteopontin (6), which then mobilizes Sca1 + cKit -cells from the BM. The Sca1 + cKit -BMCs accumulate at the responder tumor and stimulate reactive stroma formation (ref. 5 and Figure 1 ). However, how these Sca1 + cKit -BMCs stimulate formation of a reactive stroma has not been defined (5) . This point has now been addressed in this issue of the JCI, where Elkabets et al. (7) report for the first time the mechanism by which Sca1 + cKit -BMCs instigate the formation of a reactive stroma in indolent responder tumors in mice.
GRN + Sca1 + cKit -CD45 + cells mediate systemic instigation
To follow the fate of BMCs during tumor instigation, Elkabets and colleagues performed BM transplants using donor marrow that expressed GFP (7). As expected, GFP + BMCs were recruited to the stroma of responder tumors. However, very few GFP + myofibroblasts were observed in the responder tumor stroma. It was deemed unlikely therefore that Sca1 + cKit -BMCs were stromal progenitor cells; rather it seemed more likely that they acted in a regulatory capacity to coordinate the assembly of the stroma from other cell types. BMCs from mice with instigator tumors were sorted into Sca1 + cKit -, Sca1 + cKit + , and Sca1 -cells and comixed with responder cancer cells before transplantation into mice that did not bear contralateral instigator tumors. Of these three cellular subsets, only Sca1 + cKit -cells reproduced the effects of an instigator tumor, enabling responder tumors to elaborate a collagen-rich stroma with αSMA + cells. In contrast, Sca1 + cKitcells that were harvested from the BM of control mice with either Matrigel or an aggressive tumor that did not instigate the responder tumor in place of the instigator tumor were unable to promote formation of a reactive stroma (7).
Sca1 + cKit -cells are a subclass of quiescent hematopoietic progenitor cells of illdefined function present in all mouse BM (8). Elkabets et al. (7) therefore asked in what way stroma-instigating Sca1 + cKit -BMCs differed from inactive control Sca1 + cKitBMCs. No differences were observed in cell-surface markers, with both instigator and control Sca1 + cKit -BMCs displaying
Figure 1
The role of GRN + Sca-1 + cKit -BMCs in systemic instigation and the formation of tumor stroma. Cells from an aggressively growing primary tumor, the instigator, secrete the circulating signal osteopontin. This mobilizes a population of Sca-1 + cKit -BM progenitor cells that express high levels of the secreted glycoprotein GRN. The GRN + Sca-1 + cKit -BMCs travel to the site of inoculation of a second cancer cell type, the responder, that grows poorly in mice. GRN + Sca-1 + cKitcells enhance the assembly of the tumor stoma by stimulating the differentiation of fibroblasts into αSMA-expressing myofibroblasts. The stroma, in turn, supports the successful growth of the otherwise quiescent or indolent responder cells, resulting in a proliferating stroma-rich carcinoma outgrowth (7). The process whereby an aggressive primary tumor promotes the outgrowth of another otherwise indolent tumor is called systemic instigation. Interrupting the paracrine GRN signal during systemic instigation or preventing the mobilization of the GRN + Sca-1 + cKitBMCs might prove therapeutically useful in preventing the formation of reactive tumor stroma, thereby inhibiting tumor progression (7) . The role of GRN + Sca-1 + cKit -BMCs as local regulators of tumor progression is compared to other proposed mechanisms of BM/tumor interaction. For example, the BM may provide progenitor cells directly; in the example shown, tumor fibroblasts secrete stromal-derived factor-1 (SDF), which mobilizes endothelial progenitor cells (EPC). These contribute to angiogenesis (16) . Other hematopoietic progenitors, for example VEGFR1 + cells, may assist in the creation of prometastatic niches (17) .
the hematopoietic marker CD45. However, microarray analyses revealed that instigator Sca1 + cKit -BMCs expressed greater levels of the Grn gene, which encodes the secreted protein Granulin (GRN; sometimes called progranulin, PC-derived growth factor, granulin-epithelin precursor, proepithelin, acrogranin, or TGF-e) (9) . Importantly tumor-resident BMCs in responder tumors grown opposite instigator tumors were also GRN + , whereas αSMA + myofibroblasts and cancer cells were GRN -.
Elkabets et al. (7) then investigated whether GRN might mediate stroma instigation by the GRN + Sca1 + cKit -CD45 + BMCs. In vivo stimulation of indolent tumors with recombinant GRN fully recapitulated the effect of instigator tumors, promoting the formation of responder tumor foci with an adenocarcinoma-like morphology. GRN induced the differentiation of cultured human mammary fibroblasts into αSMA + myofibroblast-like cells. Responder cancer cells in culture did not proliferate in response to GRN. This suggests that during systemic instigation, the proliferation of responder cancer epithelial cells is not stimulated directly by GRN but likely results secondarily through the increased formation of a reactive stroma. In agreement with this hypothesis, transplantation into mice that lacked instigator tumors of responder cells comixed with normal primary mammary fibroblasts primed in vitro with GRN resulted in the growth of proliferative foci of responder tumor cells (7). Elkabets et al. (7) therefore concluded that GRN + Sca1 + cKit -CD45 + BMCs mediate systemic instigation of tumor stroma through the secretion of GRN.
Progranulin in human breast cancers
In mice, GRN + cells in both responder and instigator tumors were found only in the stroma (7), suggesting tentatively that instigator tumors may instigate the formation of their own stromal tissue. Although stromal cells in human breast cancers express GRN, Elkabets et al. (7) observed that GRN was also expressed in human cancer epithelial cells (7) . They further observed a positive correlation between GRN expression and aggressive, treatment-resistant, triple-negative breast cancers (that is, breast cancers that lack the receptors for estrogen and progesterone, as well as Her2/neu). GRN-positivity also correlated with the size of the tumor and its proliferative index. Kaplan-Meier analyses indicated a relationship between GRN positivity of breast cancers and worse survival among patients (7) . These studies did not differentiate between stromal and epithelial expression of GRN.
The triple-negative state of a breast cancer refers to the lack of expression of the three receptors on the cancerous cells of epithelial origin, not the stroma. Epithelial GRN expression has been associated previously with advanced invasive cancers (9, 10) . In previous reports in mice, depleting GRN from cancer cells by mRNA targeting (11) or monoclonal antibody strategies (12) reduced their tumorigenicity, while overexpressing GRN in cells that are only weakly tumorigenic enhanced their malignant properties (13, 14) . Taken together, these data suggest a model in which GRN delivered to a tumor by GRN + Sca1 + cKit -CD45 + BMCs plays a key role in the early stages of tumor development, particularly in stromal formation (7), but as tumors progress, GRN expression is no longer restricted to these cells (7), as cancer epithelial cells acquire the ability to both express and respond to GRN. Fibroblasts in wounds respond to GRN by increased proliferation and migration (15) . GRN from cancer epithelial cells may therefore play a similar role in regulating fibroblast activity in the tumor stroma, perhaps even taking over part of the function of GRN + Sca1 + cKit -CD45 + BMCs, although at this stage that is purely speculative.
Context and questions
BMCs have been implicated extensively in tumor progression and invasion (Figure 1) , primarily as the source of myofibroblast precursor cells for the tumor stroma (1, 4) or as endothelial progenitor cells that may be mobilized from the BM and recruited to tumors by tumor-derived chemokines such as stromal-derived factor-1 (16) . Nevertheless, the mechanism for stroma formation proposed by Elkabets et al. (7) presents unique features, notably that the GRN + Sca1 + cKit -CD45 + BMCs recruited to the tumor direct the assembly of the reactive stroma but do not act themselves as precursors for stromal cells. Further work is needed to understand when systemic instigation, working through GRN + Sca1 + cKit -CD45 + BMCs, contributes to stroma formation and when circulating progenitor cells from the BM are more likely to support the production of a reactive tumor stroma. BMCs promote metastasis by providing favorable local microenvironments in which metastasizing cancer cells assemble and grow, as exemplified by the formation of prometastatic niches by VEGFR + BMCs (17) . Sca + cKit -cells, which are presumably identical or closely related to the GRN + Sca1 + cKit -CD45 + cells of Elkabets et al. (7) , are effective instigators of indolent breast cancer metastasis in mouse lungs (5) . Clearly, the role of GRN and GRN + Sca1 + cKit -CD45 + BMCs in metastasis warrants further research.
As with all novel mechanisms, there are caveats in that suggested by the work of Elkabets et al. (7) . Not all aggressively growing primary tumors are instigators of indolent tumors (5) . Furthermore, primary tumor resection often promotes the metastasis of distant dormant tumors (18) . This is the opposite of what would be predicted from the model of systemic instigation as proposed by Elkabets et al. (7), and it will be important to learn what factors determine why primary tumors can act either as instigators (7) or inhibitors (18) of dormant tumors. Integrating the responder/instigator mechanism definitively into the natural history of cancer progression is clearly an important future goal.
Conclusions
The findings reported in this issue of the JCI by Elkabets et al. (7) on the mechanisms by which BMCs regulate the formation of a reactive tumor stroma during systemic instigation enrich our understanding of the interplay between BMCs and cancer; they also reinforce the importance of the tumor stroma in cancer progression and highlight new roles of GRN in tumor growth. This clearly raises the prospect that strategies targeting GRN or the GRN + Sca1 + cKit -CD45 + BMCs might provide novel therapeutic approaches to blocking, or even reversing, stromal expansion in cancer and that by so doing they might slow or halt the growth of human tumors.
